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drawn. Let the plane of xz be the plane of bending, so that the axis of y is parallel to the axis of bending. Thus OA is the axis of z, OC that of y. Let QR be any elementary filament parallel to the axis of x, let (0, y, z), (x, y, z) be the coordinates of Q and R. Let the positions of these points and lines in the bent rod be denoted by corresponding letters with accents. According to the hypothesis A'O'C', B'M'D' are normal to all the filaments of the bent rod, and (when produced) these planes intersect in the axis of bending. Any filament, sucli as Q'R', is a circular arc whose unstretched length is OM.
The rod being bent without tension, the filaments near A'B' are compressed while those on the opposite side of the rod are extended. There is therefore some surface such that the filaments which lie on it have their natural length. This surface is usually called the neutral surface, and the lines on it parallel to the length of the rod are called neutral lines. Since the filaments on this surface are circular arcs of the same length with their centres on the axis of bending, the neutral surface is a cylinder which cuts the plane of yz in a straight line parallel to the axis of bending. Let the origin 0' be taken on the neutral surface, the axis of x is therefore a tangent to a neutral line, and the unstretched length of every filament, such as Q'R', is equal to OM or O'M'. Let p be the radius of curvature of this neutral line. Since the rod is thin, all the linear dimensions of the mass ABCD are small compared with p.
When the unstretched length QR has been compressed or stretched into the length Q'R', it remains sensibly parallel to the axis of x, but its distances from the planes xz, xy may have been altered. Let these distances be y'=y + v,z'=z + w, and let the stretched length Q'R' be xf=x+u. Since R' lies in a plane normal to the
neutral line at M', we have       x' = (p - z — w) sin - = x —------~ .
P                         P
The difference x'-x represents the stretch of the fibre QR whose unstretched
length is x.   The tension per unit of sectional area is therefore equal to - E ——.
p
When the rod is only slightly deformed by the bending (as in Art. 17) the displacement w must be small compared with z. We may then, as a first approximation, equate the tension to - Ezjp.
Since the rod has been bent without altering its length, the resultant tension across the section AOG is zero, and we have
ti(Ezlf>)dydz = D.
It immediately follows that the centre of gravity of the section lies in the plane of xy. The neutral surface therefore passes through the centre of gravity of every normal section. In a cylindrical rod therefore, bent without tension, the central line is also a neutral line.
Since the elementary tensions have no components parallel to the axes of y or z, it follows that the shear is zero.
If L be the moment about the axis of y of the tensions which act across the section .400, measured positively from z to x, we have
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where wTc2 is the moment of inertia of the sectional area about the axis of y, i.e. about a straight line drawn through the centre of gravity of the section perpendicular to the plane of bending, see Art. 13. Since the rod is a uniform cylinder bent into a circular arc, the corresponding couples about O'C', M'D' balance each other.

